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(54) HEAT RESISTANT DIRECT JOINT STRUCTURE OF HIGH MELTING POINT 
MATERIAL AND HIGH THERMAL CONDUCTIVITY MATERIAL OR JOINTING METHOD 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance uniformity at 
joint and joint efficiency by composing the cooling 
passage of a fusion reactor of a copper alloy having high 
thermal conductivity and composing a cooling plate of 
tungsten. 

SOLUTION: A fusion reactor comprises a vacuum 
vessel, a coil generating a field for confining a hydrogen 
isotope plasma and a cooling passage 1 for passing 
coolant arranged in the vacuum vessel, and a cooling 
plate having a material facing plasma. A member having 
the cooling passage 1 is composed of a copper alloy 2 
having high thermal conductivity and the cooling plate is 
composed of tungsten 3 having high melting point. The 
copper alloy 2 and tungsten 3 are jointed directly through 

an HIP(high pressure isotropic pressure) joint face 4 without using any brazing material. 
Direct jointing is performed under temperature of 900-1, 100°C by applying a high pressure of 
50-200 MP isotropically for 0.15-4 hours. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While having the cooling path which holds the hydrogen isotope plasma in the predetermined 
location in a nuclear fusion reactor vacuum housing and this vacuum housing and which it closes 
[ path ], and is arranged [ path ] the coil for magnetic field generating, and in a vacuum housing in slight 
depth, and circulates the refrigerant from a vacuum housing cooling system inside It is the heat-resistant 
junction structure which has the high temperature strength characterized by for said cooling path 
consisting of a copper alloy which has high temperature conductivity in the nuclear fusion reactor which 
equipped the interior with the cooling plate which has plasma opposite material, and a cooling plate 
consisting of a high-melting tungsten. 

[Claim 2] The heat-resistant junction structure which has the high temperature strength according to 
claim 1 which joined directly the cooling plate member which consists of a tungsten the cooling path 
member which consists of a copper alloy which has high temperature conductivity, without using low 
material, and high-melting with elevated-temperature high pressure. 

[Claim 3] The manufacture approach of the heat-resistant junction structure which has the high 
temperature strength which consists of joining directly a refractory material and the ingredient which has 
high conductivity in the temperature of 900 degrees C - 1 100 degrees C by giving the high pressure of 
50-200MPa isotropic for 0.15 hours to 4 hours, without using low material. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Without using low material, this invention begins the atomic energy as a 
structure ingredient of a super-elevated-temperature engine or a generator machine about the heat- 
resistant junction structure which has the high temperature strength which joined directly refractory 
materials, such as a sintering tungsten, and the ingredient which has high temperature conductivity, such 
as a copper alloy, by elevated-temperature high-pressure processing, and its manufacture approach, and 
the use as the structure in public welfare and the aeronautics-and-astronautics field is possible for it. 
[0002] 

[Description of the Prior Art] Although it is the design which protects a super-heatproof Armagh tile by 
the cooling structure conventionally by the diverter structure which contacts the high-temperature 
plasma in a nuclear fusion reactor furnace directly, junction the junction to the refractory material of a 
super-heatproof Armagh tile and the copper alloy of high temperature conductivity of the cooling 
structure minded low material conventionally has been performed. 
[0003] 

[Problem(s) to be Solved by the Invention] However, there were the following troubles injunction to the 

refractory material and copper alloy through the low material currently performed conventionally. 

[0004] ** The dissimilar material by low material junction is formed between a refractory material and a 

copper alloy, and it becomes the cause of degradation of a material property. 

** The low joint efficiency in a plane of composition is bad, and includes many junction defects. 

** In case nondestructive inspection of a joint is conducted, distinction between a refractory material / 

low material / copper alloy is difficult, and junction soundness evaluation cannot be performed. 

[0005] then, this invention was offered in order to solve these troubles, and there is. 

[0006] 

[Means for Solving the Problem] This invention can improve the inspection precision by nondestructive 
inspection while aiming at the homogeneity of a joint, and improvement in a joint efficiency by joining 
the plane of composition of a refractory material and a copper alloy to homogeneity directly with 
elevated-temperature high pressure. Moreover, the low cost-ization can be realized in case the heat- 
resistant large- sized junction structure which has high intensity is manufactured according to this 
invention, since direct junction of a refractory material and a copper alloy is attained. 
[0007] While this invention has the cooling path which holds the hydrogen isotope plasma in the 
predetermined location in a nuclear fusion reactor vacuum housing and this vacuum housing and which 
it closes [ path ], and is arranged [ path ] the coil for magnetic field generating, and in a vacuum housing 
in slight depth, and circulates the refrigerant from a vacuum housing cooling system inside In the 
nuclear fusion reactor which equipped the interior with the cooling plate which has plasma opposite 
material As shown in drawing 1 , the member which has the cooling path 1 consists of a copper alloy 2 
which has high temperature conductivity. It is the heat-resistant junction structure which has the high 
temperature strength characterized by for a cooling plate consisting of a high-melting tungsten 3, joining 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/16/06 



JP,1 1-190787,A [DETAILED DESCRIPTION] 



Page 2 of 3 



directly the copper alloy 2 which constitutes the cooling path, and the tungsten 3 which constitutes a 
cooling plate, without using low material, and being combined through a HIP plane of composition. 
[0008] Moreover, in this invention, the cooling plate which consists of a cooling path member which 
consists of a copper alloy which has high temperature conductivity, and a refractory material is directly 
joined with elevated-temperature high pressure, without using low material. 

[0009] Furthermore, this invention is the manufacture approach of the heat-resistant junction structure 
which has the high temperature strength which consists of joining directly the high-melting tungsten 
ingredient which constitutes a cooling plate, and the copper alloy ingredient which has the high 
conductivity for cooling plates in the temperature of 900 degrees C - 1 100 degrees C again by giving the 
high pressure of 50-200MPa isotropic for 0.15 hours to 4 hours, without using low material. Hereafter, 
this invention is concretely explained based on an example. 
[0010] 

[Example] Direct junction to sintering tungsten material, an oxygen-free-copper alloy, or an alumina 
distribution copper alloy was carried out under the following elevated-temperature high-pressure 
conditions, without using low material. 

[001 1] As an actual cementing material, the sintering tungsten (Tokyo Tungsten make), the oxygen-free- 
copper alloy [Hitachi Cable, Ltd.], and the alumina distribution copper alloy [grid cop company make 
(alumina addition) (5 - 25wt%)] were used. In case HIP (elevated-temperature isostatic pressing) 
processing of the tungsten/copper alloy which is a cementing material is performed, in order to transmit 
the gas pressure under HIP processing to a cementing material at homogeneity, the capsule container 
made from wrap mild steel was used in the whole cementing material shown in drawing 6 . 
[0012] 

HIP processing conditions; programming rate 500-1500 degrees C/hour It is a rate whenever 
[ temperature fall ]. 100-1000 degrees C/hour Maximum temperature 900-1 100 degrees C Maximum 
pressure 50-200MPa The highest pressurization time amount 10 minutes - 5 hours Pressure-up rate 10- 
lOOMPa/time amount [0013] Below, the result related with the high temperature strength about the 
obtained jointing material for corrugated fibreboard, elongation after fracture, etc. is shown. 
[0014] The relation between the high temperature strength (breaking strength) in the room temperature 
of the jointing material for corrugated fibreboard which consists of a sintering tungsten / a copper alloy 
in which pressurization junction was carried out by the HIP (elevated-temperature isostatic pressing) 
processing which gave the pressure of 98MPa(s) to drawing 2 for 2 hours in the temperature of 900 
degrees C, 950 degrees C, or 1000 degrees C, 200 degrees C, 400 degrees C, or 600 degrees C, and 
elongation after fracture (fracture variation rate) is shown. From this relation, being improved as this 
jointing material for corrugated fibreboard has the inclination for the bonding strength of a sintering 
tungsten / copper alloy to become high as ambient temperature becomes an elevated temperature 900 
degrees C or more, and processing temperature also elevated-temperature-izes elongation in that case is 
shown. 

[0015] In the temperature of 1000 degrees C, the relation between the high temperature strength 
(breaking strength) in the room temperature of the jointing material for corrugated fibreboard which 
consists of a sintering tungsten / a copper alloy in which pressurization junction was carried out by 0.15 
hours, 2 hours, or the HIP (elevated-temperature isostatic pressing) processing given for 4 hours, 200 
degrees C, 400 degrees C, or 600 degrees C, and elongation after fracture (fracture variation rate) is 
shown in drawing 3 in the pressure of 98MPa(s). From this relation, although the HIP processing time 
serves as a maximum temperature in 2 hours, on the other hand, as for this jointing material for 
corrugated fibreboard, it is shown by the processing material of 2 hours or more that reinforcement and 
elongation decrease. 

[0016] The relation between the high temperature strength (breaking strength) in the room temperature 
of the jointing material for corrugated fibreboard which consists of a sintering tungsten / a copper alloy 
in which pressurization junction was carried out by the HIP (elevated-temperature isostatic pressing) 
processing which gave the pressure of about 50 MPa(s), about 100 MPa(s), about 150 MPa(s), or about 
200 MPa(s) to drawing 4 in the temperature of 1000 degrees C for 2 hours, 200 degrees C, 400 degrees 
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C, or 600 degrees C, and elongation after fracture (fracture variation rate) is shown. From this relation, 
as for this jointing material for corrugated fibreboard, it is shown that the highest reinforcement and 
elongation are acquired for that pressurization junction processing pressure force before and behind 
100MPa(s). 

[0017] Drawing 5 is drawing showing the relation of the high temperature strength (breaking strength) 
of a sintering tungsten / copper alloy jointing material for corrugated fibreboard and the test temperature 
which were contrasted with the copper alloy base material, and by which HIP processing was carried 
out. That is, the high temperature strength (breaking strength) to each test temperature of the jointing 
material for corrugated fibreboard which gave the pressure of 98MPa(s) for 2 hours, and carried out 
pressurization junction at (1) 1000 degree C, the jointing material for corrugated fibreboard which gave 
the pressure of 147MPa(s) for 2 hours, and carried out pressurization junction at (2) 1000 degree C, or 
(3) copper-alloy base material is shown. The jointing material for corrugated fibreboard (shown by -**- 
and 0-) by which HP junction was carried out under the above-mentioned conditions had the 
reinforcement more than a base material (copper alloy) (shown by -**-) as the result was shown in 
drawing 5 . That is, having sufficient reinforcement of 100 or more Mpas in about 400 to 500 degree C 
(plane of composition) which is the service temperature on actual of this jointing material for corrugated 
fibreboard is shown. In addition, it is usually supposed at 400 to 500 degree C that what is necessary is 
just 100Mpa(s) the bonding strength of a jointing material for corrugated fibreboard. 
[0018] 

[Effect of the Invention] since the armor tile used for the structure in a nuclear fusion reactor furnace, 
especially the diverter structure by this invention is boiled as if each junction of these armor tile can be 
performed with high degree of accuracy although the huge number of tens of thousands of sheets is 
demanded, and it can process in large quantities in manufacture nature in a short time, the effectiveness 
that reduction of diverter manufacture cost and improvement in structure dependability can be aimed at 
produces this invention. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] ****** which shows the heat-resistant junction structure which joined the copper alloy 
member of the high temperature conductivity which has a cooling path to the cooling plate made from a 
high-melting tungsten, without using low material. 

[Drawing 2] It is drawing showing the relation between the high temperature strength (breaking 
strength) in the room temperature of the jointing material for corrugated fibreboard which consists of a 
sintering tungsten / a copper alloy in which pressurization junction was carried out by the HIP (elevated- 
temperature isostatic pressing) processing which gave the pressure of 98MPa(s) for 2 hours in the 
temperature of 900 degrees C, 950 degrees C, or 1000 degrees C, 200 degrees C, 400 degrees C, or 600 
degrees C, and elongation after fracture (fracture variation rate). It is drawing showing HIP processing 
temperature, the high temperature strength of a sintering tungsten / copper alloy, and relation with 
elongation after fracture. 

[Drawing 3] It is drawing showing the relation between the high temperature strength (breaking 
strength) in the room temperature of the jointing material for corrugated fibreboard which consists the 
pressure of 98MPa(s) of a sintering tungsten / a copper alloy in which pressurization junction was 
carried out by 0.15 hours, 2 hours, or the HIP (elevated-temperature isostatic pressing) processing given 
for 4 hours in the temperature of 1000 degrees C, 200 degrees C, 400 degrees C, or 600 degrees C, and 
elongation after fracture (fracture variation rate). 

[Drawing 4] It is drawing showing the relation between the high temperature strength (breaking 
strength) in the room temperature of the jointing material for corrugated fibreboard which consists of a 
sintering tungsten / a copper alloy in which pressurization junction was carried out by the HIP (elevated- 
temperature isostatic pressing) processing which gave the pressure of about 50 MPa(s), about 100 MPa 
(s), about 150 MPa(s), or about 200 MPa(s) in the temperature of 1000 degrees C for 2 hours, 200 
degrees C, 400 degrees C, or 600 degrees C, and elongation after fracture (fracture variation rate). 
[Drawing 5] It is drawing showing the relation of the high temperature strength (breaking strength) of a 
sintering tungsten / copper alloy jointing material for corrugated fibreboard and the test temperature 
which were contrasted with the copper alloy base material, and by which HIP processing was carried 
out. 

[Drawing 6] It is drawing showing the capsule container made from wrap mild steel for the whole 
cementing material. 
[Description of Notations] 

1 : A cooling path, 2:copper alloy, 3:tungsten, 4 : plane of composition 



[Translation done.] 
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